We analysed pollen and charcoal in a lake-sediment core from Laguna Zoncho, a small mid-elevation lake in southernmost Costa Rica. The record provides evidence of 3000 years of human occupation, forest clearance, agriculture and fires in the area. Laguna Zoncho is located 2 km from the Las Cruces Biological Station, and results are relevant to understanding the likely extent of prehistoric disturbance within the premontane rain forests of this biological reserve. Pollen grains of Zea mays in the basal sediments of the Zoncho core constitute the oldest botanical evidence of maize cultivation in southern Costa Rica. The presence of maize pollen in almost every sample analysed indicates nearly continuous occupation of the lake basin for 3000 years. Charcoal abundances and percentages of pollen grains and spores of forest and disturbance taxa fluctuate strongly downcore, reflecting variable intensities of past human impact. Forest clearance and burning by indigenous people were most marked between 3240 and 460 cal. yr BP. Sediments deposited subsequently indicate forest regeneration and few, if any, fires. However, indigenous cultivation of maize continued on a small scale until European settlement in the twentieth century.
Introduction
Popular conceptions of pre-Columbian landscapes in the New World tropics have sometimes depicted indigenous people as 'noble savages' living in ecological harmony within pristine forests (Denevan, 1992a) . However, an increasing body of evidence indicates that they altered natural landscapes, at times in dramatic ways. Palaeoecological information derived from the study of sediment cores from lakes and wetlands can provide information on the nature, timing and spatial patterns of prehistoric human impacts. Such analyses often yield the only available continuous long-term records of human interaction with the environment (Whitmore et al., 1996) and may document past human activities for which archaeological evidence has not been preserved or has yet to be discovered.
In this paper we use pollen and charcoal analysis to reconstruct the history of human impacts on the landscape surrounding Laguna Zoncho in southern Costa Rica. The site is located only *Present address: Raytheon Systems Company, USGS EROS Data Center, Sioux Falls, SD 57198, USA. **Author for correspondence. ary volcano in the region is Volcán Barú, located 35 km east of Laguna Zoncho in Panama. According to Stewart (1978) , fine pumice from the most recent eruption of Volcán Barú was deposited over an area of about 600 km 2 that possibly included Laguna Zoncho. Behling (2000) obtained radiocarbon dates on organic material below Barú tephra in a sediment core from a lake on the Pacific slope of the volcano. His dates and associated palaeoecological analysis indicate that the most recent eruption occurred at 500 Ϯ 60 14 C yr BP and had a catastrophic impact on the indigenous population near Barú. Earlier eruptions dated to 1020 Ϯ 60 14 C yr BP and 1790 Ϯ 50 14 C yr BP had relatively little effect.
The area surrounding Laguna Zoncho falls mainly within the tropical premontane rain forest life zone in the Holdridge bioclimatic classification (Tosi, 1969) . Climate data in Masing (1964) and Coen (1983) suggest mean annual rainfall of 3000-4000 mm and a mean annual temperature of 20-21°C. Precipitation in this area is lowest from December to March (Masing, 1964) , but the dry season is less strongly felt than on the central and northern Pacific slope of Costa Rica (Coen, 1983) . Hartshorn (1983) described tropical premontane rain forest as an evergreen forest that is intermediate in height, with two or three strata and a very dense subcanopy and understorey. The shrub layer is also dense, and the ground is nearly completely covered with ferns and broadleaved herbs. While extensive forest of this type still exists at the nearby Las Cruces Biological Station, the Laguna Zoncho watershed and adjacent lands are mainly in pasture and agriculture, with only small patches of remnant forest. Pines, eucalypts and other non-native species have been planted along the shores of the lake. Laguna Zoncho is located within the Diquís subregion of the archaeological area known as Greater or Gran Chiriquí, which comprises southern Pacific Costa Rica and western Panama. In his 1981 review of Costa Rican archaeology, Snarskis described the Diquís as the least known of the country's three archaeological zones. This remains the case, although a number of studies have since appeared (see references in Lange, 1996) , or are in progress, including work at Laguna Zoncho and the Las Cruces Biological Station by M. Sánchez and P. Rojas and students from the University of Costa Rica. Current research is aimed in part at improving the regional chronology, which is poorly dated and variously interpreted, and at resolving debates over relationships between prehistoric settlement and subsistence patterns in the Diquís and those documented in adjacent western Panama, where more detailed studies have been carried out (Hoopes, 1996) . Some of this debate has centred on the spread of maize agriculture. Panamanian sites that correspond in time to the latter half of the Aguas Buenas phase (which lasted from ෂ300 bc to ad 700, according to the chronology in Blanco and Mora, 1994) indicate intensive farming of maize and beans as part of a cultural system that Linares (1980) interpreted as having arrived 'full blown' from adjacent Costa Rica sometime between 500 bc and ad 1 (Hoopes, 1996) . Hoopes (1996) , however, has argued that the timing seems wrong for southwestern Costa Rica to have been the source of this. Research by F. Corrales indicates that horticulturalists living in the Diquís region between 1500 and 300 bc (Curré phase; Blanco and Mora, 1994) were processing manioc, not maize, and even during the subsequent Aguas Buenas phase subsistence strategies may have been more heavily reliant on wild food plants than on maize agriculture (Drolet, 1988; Hoopes, 1996) . Hoopes (1996) has conjectured that intensive maize production in the presumed source area of the Diquís was in fact a much later development, associated with the increased population densities and greater social complexity of the Chiriquí phase from ෂad 700 to the conquest.
Current archaeological research in the Las Cruces area follows excavations by Haberland (1955) in the town of Aguas Buenas (8 km from Laguna Zoncho) and by Laurencich de Minelli and Minelli (1966; 1973) at the lake itself and in San Vito. In the early 1960s, Laurencich de Minelli and Minelli (1966) excavated four cemeteries on hilltops adjacent to Laguna Zoncho and compared ceramics and other artifacts with Haberland's sequences.
No dates were obtained, but on the basis of artefact styles and abundances the archaeologists concluded that Laguna Zoncho had been home to a flourishing Aguas Buenas culture and later to Chiriquí phase peoples, whose occupation of the area was interrupted by war or possibly the Spanish conquest. The preponderance of ceramic fragments with fish or amphibian motifs suggested to them that the lake was a place sacred to indigenous inhabitants.
Modern European colonization of the Coto Brus Valley came from the north along the Inter-American Highway, which was completed from San José to San Isidro (Figure 1 ) in 1946. San Vito de Java was established by a group of Italian colonists in 1952 (Masing, 1964) . Indigenous people still lived in the area when the Italians arrived, although population size and distribution are not documented.
Methods
The sediment core analysed was recovered in March 1997 near the centre in the deepest part of Laguna Zoncho (water depth 2.3 m). Near-surface sediments (upper 1.13 m) were retrieved with a plastic tube fitted with a rubber piston and extruded and bagged in 2 cm intervals. Deeper sediments were recovered with a Colinvaux-Vohnout locking piston corer and returned to the laboratory at the University of Tennessee still encased in the original 1 m long aluminum coring tubes.
The core sections were sliced longitudinally and sampled for pollen analysis and loss-on-ignition (LOI) at 8-16 cm intervals. We processed the samples using standard procedures (HCl, HF, KOH, acetolysis, safranin stain; Berglund, 1986 ) with the addition of Lycopodium spores to enable calculation of pollen and charcoal concentrations (Stockmarr, 1971) . The residues were mounted on slides in silicone oil. LOI samples were dried at 100°C and ignited for an hour at 550°C and again at 1000°C (Dean, 1974) to measure water content, organic matter and carbonate content. We submitted organic macrofossils from three levels of the core to Beta Analytic Laboratory for Accelerator Mass Spectrometry (AMS) radiocarbon dating. We submitted wood fragments found at 283-284.5 cm depth to date a major stratigraphic change and selected two other levels (118-122 and 248-250 cm) for dating on the basis of results of pollen analysis. In the latter two cases, there were so few macroscopic remains that a mixture of seeds, leaves and charcoal was submitted for dating.
We identified pollen grains to the lowest possible taxonomic level based on an extensive reference collection and published keys and photographs. Within the order Urticales (Moraceae, Cecropiaceae, Urticaceae and Ulmaceae families), we separated out Ulmus, Trema-type, Celtis-type, Ficus and Cecropia, and grouped others by pore number. We identified as Ficus only those grains that were oblong (or lozenge-shaped), with the pores on the ends (Horn and Ramírez, 1990) , because the other morphologies of Ficus are indistinguishable from other diporate Urticales. The pollen of Zea mays was distinguished from that of other grasses based on grain size and annulus size. We numbered, sketched and described all unknown pollen types and classified fern spores by morphology and exine sculpting.
We counted Ͼ300 pollen grains, exclusive of spores and indeterminates, at each of 30 levels in the core. We scanned additional transects (three full slides per level) at low magnification to determine the presence or absence of maize pollen. We counted microscopic charcoal during our pollen counts, tallying fragments into three size classes based on their longest dimension: 5-24 m, 25-49 m and Ն50 m. Fragments that we identified as charcoal were opaque, black and angular. We did not count charcoal under 5 m, as it is too difficult to discriminate between charcoal and other dark organic or inorganic particles at that size range.
Sediment stratigraphy and chronology
The sediment record of Laguna Zoncho contains an upper pollenrich section (0-290 cm) and a lower section that contains little or no pollen (290-597 cm; Figure 3 ). The three AMS dates are from the upper section and reveal a normal stratigraphic sequence (Table 1 ). The base of the core appears to be weathered bedrock. The pollen-poor section in the lower half of the core is mainly mineral regolith. A section of organic sediment from 343-380 cm was apparently deposited in a wet environment but preserves little or no pollen, probably due to later drying and oxidation. The 50 cm thick inorganic section above this layer appears to be a soil profile, with filled cracks that suggest drying. The lowest occurrence of pollen in countable quantities (288 cm) corresponds to a change from inorganic soil to organic sediment that we interpret to mark the formation of the modern lake. The AMS date on wood fragments at 283-284.5 cm indicates that this occurred approximately 3000 yr BP (Table 1) .
Within the upper 3 m of the core sediments are waterlain and generally more organic (Figure 3) . Some sections contain clasts of inorganic sediment derived from slope erosion. We found one tephra layer (99-100.5 cm) and two ceramic potsherds (189-194 Analyses were performed by Beta Analytic Laboratory on small wood fragments (W) or mixtures of charcoal, seeds and leaf fragments (M). Errors represent 68% (1) and 99% (2) probability. Radiocarbon ages were calibrated using version 4.3 of the CALIB program (Stuiver and Reimer, 1993) and the data set of Stuiver et al. (1998) . Sedimentation rates were calculated based on the calibrated ages. For the radiocarbon dates that calibrate to more than one calendar age, we used the average of the youngest and oldest calendar ages. cm). Sedimentation rates calculated from the calibrated radiocarbon dates (Table 1) ) at 249-284 cm. Sediment from 120-247 cm accumulated at the rate of 0.083 cm yr −1 , and sediment above 120 cm accumulated at the rate of 0.204 cm yr −1 . The latter estimate accords well with the distribution of pine pollen in the uppermost sediments. According to former landowner Luis Diego Gómez (personal communication, 1998) , the first pines at Laguna Zoncho were planted in 1958 or later and may have needed 10 years to reach maturity and begin pollen production. The first pine pollen should thus have been deposited in or after about 1968, which based on the above sedimentation rate would correspond to a depth of 5.9 cm in the core. Our scans revealed the lowest occurrence of pine pollen to be in the 6-8 cm sample.
Pollen, spores and charcoal
Pollen preservation in the upper half of the profile was excellent. We identified 54 pollen types, the most abundant of which were Poaceae (17% over the entire record), Cecropia (15%) and diporate Urticales (12%). We found Zea mays pollen in four levels in the regular counts, and in almost every level in the additional scans, generally in association with high amounts of charcoal. We recognized, but were unable to identify, 51 distinct unknown pollen types; however, these accounted for only 5.7% of all pollen grains. No solely aquatic pollen types were recognized. Indeterminate pollen grains were relatively rare (average Ͻ4% of total pollen), except in the lowest sample counted (288 cm), in which one-fifth of all pollen grains were too badly crumpled to identify. The maximum percentage of total fern spores in any level was 15%. Trilete fern spores were generally more abundant than monolete fern spores, and peaks tended to coincide with peaks in Poaceae pollen. Peaks in monolete fern spores tended to correspond with increases in the pollen of forest taxa. Abundant charcoal fragments were present throughout the length of the core, in all three size classes. Figure 4 is a summary diagram that includes pollen percentages for individual and grouped taxa, presence of maize pollen in both regular counts and additional scans, total fern spore percentages, inorganic content of the sediment, and charcoal abundance shown as the ratio of total fragments of charcoal counted (all size classes) to total pollen. In Figure 5 , total charcoal is plotted on both a wetvolume and dry-mass basis, the latter broken down by size classes, and as influx (cm 2 yr
−1
). For purposes of discussion we delineated five 'zones' based on changes in pollen percentages and charcoal abundance. In the discussion that follows, we indicate estimated ages (rounded to 10 yr) of zones based on the sedimentation rates calculated from the calibrated radiocarbon dates.
Interpretation of Laguna Zoncho pollen spectra
The Zoncho record includes pollen types that suggest more open, disturbed ground and others that are common in more mature forests. In the naturally forested landscape of the Las Cruces area, herb pollen may indicate open ground resulting from human or natural disturbance. High percentages of the pollen of Poaceae, Chenopodiaceae-Amaranthaceae and Asteraceae may signal high levels of human disturbance, possibly related to cultivation (Brown, 1985; Leyden, 1987; Rue, 1987; Byrne and Horn, 1989; Islebe et al., 1996; Hansen and Rodbell, 1995; Northrop and Horn, 1996) . The best indicator of prehistoric agriculture is the pollen of Zea mays, which is now known from several sites in Costa Rica (Northrop and Horn, 1996; Clary, 1994; Kennedy and Horn, 1997; Horn and Kennedy, 2001; Horn and Rodgers, unpublished data) . Maize pollen in neotropical sediment records indicates very localized agriculture, as the large grains of this pollen type are heavy and poorly dispersed. Research by Raynor et al. (1972) suggested that most maize pollen stays within 60 m of the plant that produces it. It is possible that only maize that is planted on the very shore of a lake is close enough to make pollen deposition in the lake very likely (Islebe et al., 1996) ; maize fields may exist farther from the lakeshore but leave no evidence in the sediments. The pollen of other crops known to have been cultivated prehistorically are rarely preserved in neotropical pollen records (e.g., manioc, Manihot esculenta) or are indistinguishable from wild relatives (e.g., cucurbits and legumes).
High percentages of Cecropia pollen also appear to be associated with disturbance, either human or natural (Leyden, 1987; Bush and Colinvaux, 1990; 1994; Northrop and Horn, 1996) . At Laguna Zoncho, we interpret decreases in the pollen of Cecropia to indicate either the presence of a more mature forest or agricultural practices that suppressed forest regrowth.
We regard Podocarpus, Quercus, Alnus, Myrica, Weinmannia, Ulmus, Melastomataceae/Combretaceae, Urticales other than Cecropia, and Alchornea pollen as indicating more mature forest. We base these interpretations on modern pollen spectra from Costa Rica (Rodgers and Horn, 1996 ; unpublished data), and plant distributional data (Standley, 1937-38; Burger, 1977; Hartshorn and Poveda, 1983; Missouri Botanical Garden, 2000) . Our interpretations are consistent with those made by Behling (2000) , whose palaeoecological results from a lake on Volcán Barú appeared while this manuscript was in revision.
years of maize agriculture and human disturbance at Laguna Zoncho
The presence of Zea mays in almost every core sample analysed indicates near-continuous human occupation of the basin for the entire 3000-year period spanned by the pollen diagram. The pollen evidence indicates that people were living at Zoncho and growing maize during the time of the Curré archaeological phase (1500-300 bc; Blanco and Mora, 1994) , for which ceramic evidence has yet to be reported in the Las Cruces area. The maize pollen grains near the base of the Zoncho core comprise the earliest botanical evidence for maize cultivation in both the Diquís region and in adjacent western Panama, predating by a millennium or more macrofossils from the Las Brisas site reported by Blanco and Mora (1994) and pollen in lake sediments from Volcán Barú (Behling, 2000 : oldest maize pollen ෂ1790 14 C yr BP). The earliest maize grains at Zoncho apparently also predate archaeological evidence of maize cultivation in either area (Hoopes, 1996) . Our ongoing studies at other lakes in the Diquís should help to clarify whether the local importance of maize at Zoncho was an exception to regional patterns (as interpreted by Hoopes, 1996) or part of a trend towards increasingly widespread and intensive cultivation of the crop during the Curré and Aguas Buenas phases.
While the maize pollen at Zoncho documents three millennia of human occupation, fluctuations in pollen types other than maize and in the abundance of charcoal suggest that the intensity of human impact varied over this time period. Zone 5, the basal pollen zone (288-272 cm, 3240-2770 cal. yr BP or 1290-820 bc), contains high percentages of disturbance taxa and abundant charcoal and seems to represent a 400-500 yr period of fairly heavy human impact. In zone 4 (272-222 cm, 2770-1770 cal. yr BP or 820 bc to ad 180), Poaceae pollen decreases sharply and pollen of forest taxa increases, suggesting forest regrowth. The lower charcoal:pollen ratio suggests that burning also may have decreased, although charcoal influx does not decline. The presence of maize pollen indicates continued occupation of the Laguna Zoncho basin, but perhaps by fewer people.
Beginning around 1770 cal. yr BP (beginning of zone 3, 222-103 cm, 1770-460 yr BP or ad 180-1490), pollen percentages again indicate more intense human activity around Laguna Zoncho, with increases in pollen of disturbance taxa and decreases in pollen of forest taxa. Throughout zone 3, pollen percentages of Poaceae, Amaranthaceae and Asteraceae rise dramatically, while pollen of forest taxa is reduced to less than 30%. The low percentages of Cecropia pollen in this zone may be due to the establishment of permanent fields. Although prehistoric agriculturalists in the Latin American tropics are often assumed to have been shifting cultivators, Denevan (1992b) has argued that clearing rain forest with stone implements is so difficult that, wherever possible, permanent agricultural fields would have been maintained. The establishment and maintenance of a growing number of permanent fields surrounding Laguna Zoncho could explain the low values for both forest taxa and Cecropia and the abundance of charcoal throughout the approximately 1300-year period represented by zone 3. The archaeological evidence of a flourishing Aguas Buenas culture and later Chiriquí occupation at Laguna Zoncho reported by Laurencich de Minelli and Minelli (1966) must largely correspond to this zone. The sharpness and estimated age of the upper boundary of pollen zone 3 (460 yr BP or ad 1490) accord well with the archaeologists' interpretation that Chiriquí-phase occupation of the Zoncho site was abruptly interrupted, and that the cause of this interruption may have been the Spanish Conquest.
In zone 2 (103-19 cm, 460-50 cal. yr BP or ad 1490-1900), pollen of disturbance taxa (Poaceae, Amaranthaceae and Asteraceae) decline sharply along with charcoal, while pollen of forest taxa increase. The presence of maize pollen in most samples indicates continued human occupation at the site, but the decline in herbaceous disturbance taxa and the increase in forest taxa indicate lower population levels and less intense agricultural activity.
The population decline suggested by both archaeological and palaeoecological results may have resulted from culture or nature, or both. The zone 3/2 boundary coincides with the Spanish conquest, as well as with a time of increased warfare among indigenous peoples of Costa Rica (Stone, 1977; Snarskis, 1981) . Indigenous warfare may have indirectly reduced the human impact on the forest. Population also may have declined due to disease spread by Spanish explorers, or because indigenous peoples abandoned the area to avoid the possibility of slavery.
Another possible impetus for depopulation specific to the Laguna Zoncho area may have been the explosion of nearby Volcán Barú at 500 Ϯ 60 14 C yr BP (Behling, 2000) . Located ෂ20 cm above material that yielded an AMS radiocarbon date of 540 Ϯ 50 14 C, the tephra layer near the zone 2/3 boundary probably corresponds to the Barú eruption. Behling (2000) documented site abandonment and forest recovery following the last Barú eruption at Laguna Volcán on the south slope of Volcán Barú. Patterns of change in charcoal and pollen taxa are very similar at the two sites. However, whereas the most recent eruption of Volcán Barú deposited a tephra layer 20 cm thick at Laguna Volcán (Behling, 2000) , the possible Barú deposit in Laguna Zoncho is only 1.5 cm thick. Whether enough tephra from Barú reached Zoncho to affect prehistoric settlement may be clarified by ongoing archaeological work at the lake. Perhaps the rain of volcanic tephra from Volcán Barú provided further impetus for the abandonment of a site by people whose numbers were already reduced by contact-era warfare, disease or enslavement. Alternatively, the timing may be coincidental, with the population decline and forest recovery of pollen zone 2 at Laguna Zoncho independent of volcanic disturbances.
The most recent changes in the pollen record (zone 1, 0-19 cm, ad 1900-1997) are presumably related to the settlement of the Italian colony, San Vito de Java. The Italians must have settled within a decade or two of the time of indigenous occupation, as the maize pollen indicates only a brief gap during this time period. Within zone 1, indigenous cultivators of maize were replaced by the Italians, who adopted maize as a subsistence food crop (Hall, 1985) . The Italians and others who settled in the Las Cruces area substantially cleared and burned forests to create cattle pastures and coffee fields.
Fire and climate at Laguna Zoncho
The charcoal stratigraphy of the Laguna Zoncho core reveals major changes in fire activity over the past 3000 years. Because there is clear evidence of human occupation throughout the period covered, the record provides no indication of fire regime under pristine conditions. Changes in charcoal concentrations and influx probably largely reflect changes in human population densities, subsistence strategies and specific agricultural practices.
Charcoal fragments over 50 m in size are not typically suspended at normal surface-wind speeds, whereas smaller particles can be carried long distances by wind (Clark, 1988) . However, this fact does not necessarily mean that they have been. We interpret the larger (Ն50 m) microscopic charcoal in the Laguna Zoncho record to indicate local burning that was at times rather extensive. Some or much of the smaller charcoal may also reflect local burning, with the remainder recording fires more distant from the site.
Oxygen isotope and chemical stratigraphies of lake-sediment cores from the Yucatan peninsula (Hodell et al. 1995; Curtis et al., 1996) indicate late-Holocene droughts that may also have been felt on the Atlantic slope of Costa Rica and in the Talamancan highlands (Horn and Sanford, 1992; unpublished data) . Whether such droughts also affected southwestern Costa Rica and adjacent Panama remains to be independently documented; at both Laguna Zoncho and Laguna Volcán (Behling, 2000) the strong signal of human disturbance makes it impossible to infer climate history from pollen and charcoal. The 3000-year sequence of organic, pollen-rich sediment in the upper Laguna Zoncho profile argues that any late-Holocene drying was in fact not extreme. The lake was only 2.3 m deep when we cored it during the 1997 dry season, and it lacks an apparent inlet. It may be entirely rain-fed, but even if partly fed by groundwater would be vulnerable to desiccation. The stratigraphy of the lower half of our sediment core indicates that desiccation did occur prior to 3000 yr BP, but not since that time.
Conclusion
The pollen and charcoal evidence from Laguna Zoncho shows that this small lake basin has been occupied and disturbed by humans for over 3000 years. After 2500 years of varying (but generally increasing) human populations and intensity of forest clearing and burning, the Laguna Zoncho area was largely abandoned, and the forest regenerated. Only small-scale maize cultivation characterized the watershed from ad 1490 to Italian settlement in ad 1952. This local history of post-Columbian population decline and forest recovery may have been the result of the decimation of native populations by diseases and institutions brought by the Spanish. The same processes probably affected neighbouring areas of southwestern Costa Rica.
When the Italians arrived in San Vito in the middle of the twentieth century, they encountered a forest that was fairly empty, with a few recent and recovering agricultural clearings (Masing, 1964) . Much of the landscape was covered in mature forest that looked 'virgin' or 'pristine' after as many as five centuries of regrowth. The colonists were likely unaware that the landscape they were about to dramatically transform had once held much larger indigenous populations that had greatly changed landscapes in an earlier cycle of human use.
We expect the history of Laguna Zoncho to be closely tied to the history of the Las Cruces Biological Station, just 2 km away. The premontane rain forest of the Las Cruces reserve is among the largest remaining tracts of such forest in Costa Rica. It is unlikely to be a pristine forest, unaffected by humans. Ceramic artifacts have been found in the reserve, and soil cores contain abundant charcoal, possibly from agricultural fires (Horn and Sanford, 1998) . Ongoing investigations of soil charcoal and archaeological evidence within the forest reserve and of sediment cores from other sites in the region are aimed at determining the specific human history of the research station and its regional context. This information provides an important perspective for research on the modern ecology of the forest, which may still bear imprints of prehistoric human use. zation for Tropical Studies, and by Maureen Sánchez and Sergio Chávez of the Laboratory of Archaeology at the University of Costa Rica.
